Cataract surgery is performed more easily if
Cataract extraction is performed more easily if mylriasis can be maintained until the intraocular lens has been inserted.' Failure to maintain mydriasis during surgery may increase the risk of damage to the iris, incomplete clearance of soft lens matter, or more importantly, rupture of the posterior capsule.2 V The size of the pupil is determined by the net effect ofopposing forces: adrenergic sympathetic activity stimulating the dilator pupillae thereby inducing mydriasis3; and cholinergic parasympathetic activity acting on the sphincter pupillae with the production of miosis. Adrenaline directly stimulates the dilator pupillae, but when applied to the conjunctiva, the 1:1000 solution does not penetrate into the normal eye in sufficient quantity to have an obvious mydriatic effect. 4 Preoperative mydriasis for cataract extraction is usually achieved by a topical adrenergic agonist with good penetration of the cornea, such as phenylephrine 10%, in combination with an anticholinergic drug such as cyclopentolate 1%. During surgery there is a tendency for the pupil to constrict, particularly following manipulation of the iris. 5 Once the anterior segment has been opened, adrenaline solution can be infused directly into the anterior chamber to stimulate the dilator pupillae. Many surgeons use adrenaline in the intraocular infusion during cataract surgery, but there appears to have been no controlled study so far to confirm that it has a beneficial effect on mydriasis beyond that produced by the preoperative drops.
Patients and methods Seventy patients (33 men, 37 women; mean age 75 years) undergoing routine extracapsular cataract extraction were randomly allocated to receive intraocular irrigation with or without adrenaline 1:1000000. All patients underwent full ophthalmic and general medical history and examination, including measurement of the pulse rate and blood pressure, and an electrocardiogram; and all gave informed consent before inclusion in the trial. Exclusion factors were a history of: (a) allergy to any of the drug components to be used; (b) topical or systemic therapy capable of interfering with pupil diameter; (c) previous intraocular inflammation.
All patients received four drops of both cyclopentolate 1% and phenylephrine 10% during the 1 hour preceding surgery. No patients received sympathomimetic agents with the local anaesthetic injection. An average of 40 ml balanced salt solution was used for intraocular irrigation during surgery. Irrigation fluid first entered the eye through the anterior capsulotomy needle, when the rate of flow was slow. After expression of the nucleus, a faster flow was used during irrigation aspiration of the soft lens matter.
Investigators, with no knowledge ofthe type of irrigation fluid, measured the pupil diameters before instillation of mydriatic drops, before anaesthesia, and before surgery, then at 10, 20, and 30 minutes during surgery. Measurements were also taken in relation to specific surgical events: before and after expression of the nucleus, and after irrigation aspiration ofthe soft lens matter. Preoperative measurements were made by comparison with standard black circles of known diameter. Intraoperative measurements were made by calipers viewed through the operating microscope.
The average effect of the two treatment regimens was assessed by calculating the mean pupil diameters at each time, and comparison was made using an unpaired Student's t test. It is also clinically important to consider the reliability of each treatment in producing a minimum desired effect. Before patient not receiving adrenaline, when the pupil was 8 mm in diameter.
The pulse rate (Fig 3) and blood pressure (Fig  4) in the 27 patients who had local anaesthesia showed no significant difference (p>0 05) between the treatment groups. There was no increased incidence of ventricular dysrhythmias in the group receiving adrenaline.
Discussion
Cataract extraction is, in the majority of cases, a safe and effective procedure, but maintenance of mydriasis can contribute to the ease with which surgery can be performed. 5 A small pupil during surgery may increase the risk of damage to the iris, incomplete clearance of soft lens matter, or more importantly, rupture of the posterior capsule.2
To maintain mydriasis during surgery, some surgeons use adrenaline either in the intraocular irrigation fluid, or as a bolus injection into the anterior chamber. Studies of the effect of a bolus injection of adrenaline have shown that the pupil is significantly larger 1 minute after the injection compared with before,6 but provide no data on whether this is maintained while surgery continues.
The present study demonstrates that adrenaline 1:1 000 000 in the intraocular infusion is of significant benefit in maintaining mydriasis during cataract surgery. It also reduces the number of eyes in which the pupil diameter becomes less than 5 mm. One advantage ofgiving adrenaline in the irrigation fluid, as opposed to a bolus, is that it continues to enter the eye while the stimulus to miosis persists. As adrenaline is administered over a longer time period by infusion than by injection, a more dilute concentration can be used. In addition, the dose of adrenaline infused is dependent upon the duration of soft lens matter aspiration, and is therefore often related to the degree of miosis. If the pupil is large and aspiration is easy, less adrenaline will tend to be infused than in difficult cases with a small pupil. Being able to minimise the dose and concentration of adrenaline used helps to lmit complications.
Early experience with intraocular adrenaline resulted in a few cases of severe corneal decompensation following use of the 1:1000 concentration,7 but not 1:5000.' Corneal endothelial damage was shown to result from toxicity due to the sodium bisulphite preservative in the adrenaline preparation, rather than the adrenaline itself.' It was also suggested that the osmolarity and pH of the solution may have been contributing factors, and showed that preparations with a low buffering capacity are less likely to cause corneal endothelial damage.9 The local safety of lower concentrations ofadrenaline has since been demonstrated by histological studies of the endothelium in cats'" and rabbits," and by clinical examination in humans."'2 Following a bolus injection in humans, 1:96000 adrenaline has been shown to be as effective as the 1:16000 concentration. 6 Systemic absorption of adrenaline infused into the eye can potentially occur both via the vascular structures of the anterior segment, and via the nasolacrimal duct from overspill into the conjunctival sac. Following administration of retrobulbar anaesthetic containing adrenaline (0-8 ptg/kg, average total dose 56 rtg), a 190% increase in plasma adrenaline concentration has been demonstrated. '3 During intraocular irrigation with 1:500000 adrenaline (1-3 ug/Ikg, average total dose 81-5 rtg), plasma concentrations of adrenaline and noradrenaline did not differ significantly from those noted before induction of anaesthesia. '4 In that study, heart rate increased following induction of anaesthesia, then remained unchanged thereafter, but there was no control group in which the normal response to anaesthesia and surgery was recorded for comparison. In a similar study on a mixed population of patients receiving local or general anaesthesia, there was no significant change in blood pressure or heart rate during the time of adrenaline administration. '" In the present study using 1:1000 000 adrenaline (average total dose 40 ,ug) in local anaesthetic cases, there was no significant difference in blood pressure or heart rate between the two treatment groups, and no significant variation from baseline. Neither was there an increased incidence of ventricular dysrhythmias in the group receiving adrenaline.
Adrenaline maintains mydriasis by a direct action on the dilator pupillae of the iris. An alternative approach is to inhibit the mechanism responsible for producing miosis, but this has not yet been precisely identified.'6 At one time prostaglandins were considered likely candidates as they are present in the aqueous humour of normal eyes,'7 and levels rise during trauma"8 and cataract surgery." However, no prostaglandin has been shown to produce a dose dependent miotic response,'6 and in fact most have been found to relax the rabbit iris sphincter.2' Recent years have seen the introduction of non-steroidal anti-inflammatory agents as an alternative or adjunct to the use of intraocular adrenaline. Some clinical studies have shown a mild but significant inhibition of miosis by indomethacin,2'24 flurbiprofen,2324 diclofenac,2" and suprofen,26 but others have shown virtually no effect.2427 It appears that the extent of inhibition is correlated with the degree of miosis in the control group, and the amount of surgical trauma.'6 These drugs inhibit the cyclooxygenase pathway responsible for the production of prostaglandins, thromboxane, and prostacyclins; and in higher doses, may also inhibit the lipoxygenase pathway. These agents should be used with caution as moderate inhibition of the cyclo-oxygenase pathway makes more arachidonic acid available to the lipoxygenase pathway, which increases the production of leukotrienes'7 and stimulates intraocular inflammation."8 Corticosteroids inhibit phospholipase A2 thereby blocking arachidonic acid release at an even earlier stage in the pathway. They have a minimal effect in preventing miosis, and are not generally used for this purpose.2'
Other agents which may have a role in surgically induced miosis include bradykinin, histamine, leukotrienes, substance P, vasoactive intestinal polypeptide, and other neuropeptides. Prostaglandins may act by modifying the release and activity of these other agents, rather than by having a direct effect. 6 This study has shown that perioperative intraocular irrigation with adrenaline 1:1 000 000 has significant benefit in maintaining mydriasis during cataract surgery. The use of this concentration avoids the local and systemic complications associated with higher concentrations. Further research is needed to identify the mediators of surgically induced miosis, and it may then be possible to develop specific inhibitors which maintain mydriasis.
